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United States Patent Office Secrecy Order

NOTICE

The Aerojet-General Corporation has filed patent applications in the U. S. Patent Office to
cover inventions disclosed in this publicaticn, and the Commissioner of Patents has issued a
secrecy order therecn.

Compliance witl. the provisions of this secrecy order requires that those who receive a
disclosure of the secre: subject matter be informed of the existence of the secrecy order and of
the penaltics for the violation thereof.

The recipient of this report is accordingly advised that this publication includes information
which is now under a secrecy order. It is requested that he notify all persons whc will have access
to this material of the secrecy order.

Each secrecy order provides that any person who has received a disclosure of the subject
matter covered by the secrecy order is

"in nowise to publish or disclose the invention or any material informaticn
with respect thereto, including hitherto unpublished details of the subject
matter of said application, in any way to any person not cognizant of the
invention prior to the date of the order, including any employee of the prin-
cipals, but to keep the same secret except by written permission first obtained
of the Commissioner of Patents.”

Althiough the original secrecy order forbids disclosure of the material to persons not cognizant
of the invention prior to the date of the order, a supplemental permit attached to each order does
permit such disclosure to:

"(a) Any officer or employee of any department, independent agency, or bureau
of the Government of the United States.

"(b) Any person designated specifically by the head of any department, inde-
pendent agency or bureau of the Government of the United States, or by
his duly authorized subordinate, as a proper individual to receive the
disclosure of the above indicated application for use in the prosecution
of the war.

“The principals under the sccrecy are further autherized to disclose the
subject matter of this application to the minimum necessary nuriber of persons
of known lovaity and discretion, employed by or ~orking with the principals
or their liccnsees and whose duties involve cooperation in the developmert,
manufacture or use of the subject matter by or for the Government of tie
United States, provided such persons are advised of the issuance of the
secrecy order.”

No other disclosures are authorized, without written permission from the Commissioner of
Patents. Public Law No, 239, 77th Corgress, provides that whoever shall "willfully publish or
disclose or authorize or cause to be published or disclosed such invention, or any material
information with respect thereto,”” which is under a secrecy order, “shall, upon convicticn, be
fined not more than $10.007 or imprisoned for not more than two years or both.” In addition,
Public Las No. ~00, “¢th Congress, provides that the invention in a patent may be held aban-
doned, if it be established that there has been a disclosure in violation of the secrecy order.

It must be understood that the requirements of the secrecy order of the Commissioner of
Patents are in addition to the usual security regulations which are in force with respect to
activities of the Aerojet-General Corporation. The usual security regulations must still be
observed notwithstanding anything set forth in the secrecy order of the Commissioner of Patents.
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Schematic Diagram of External-Condensing !lydroductor
Special Afterbody Shapes

Simulated Hydroduct Model for Rotating-Boom Tests

Comparative Drag
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I.  ORJECTIVE

The purpose of this program is to conduct general research in the field of
underwater propulsion devices and associated equipment. During the period
covered by this report, work was performed on several different types of under-

water propulsion devices.

A. The first phase of the program 1s concerned with establishing the
design of the free-running Alclo hydroductor by suitable static and dynamic
tests so that the depth insensitivity of the hydroductor can be proved,

™

Bl The second phase of the program was to complete a theoretical inves-
tigation of the power-plant parameters for a small high-speed submarine, This
feasibility study program was made to determine the general configuration, by
including sizes and weights, of tihe major components of an approximately 2000-shp
submarine power plant using 90" concentrated hydrogen peroxide, diesel fuel, and
sea-water diluent, The ap-lication of an exhaust-condensing system to this

power nlant was also to be studied.

C. The third phase of the program is to continue an investigation of
sea water used as a diluent in small engine systems using concentrated hydrogen
peroxide and fuel oil or alcohol. TFurther literature survey of work accomplished
by other agencies is to be conducted, Ilew methods for the use of sea-water

diluent are to be devised, investigated, and tested.
IT.  SUMMARY 2
A. HYDRODUCTOR

Development effort has been continued on the external-condensing
hydroductor models, Test data was obtained using the liodel X3 hydroductor on
the rotating boom under conditions that yield a range of cavitatica numbers
from ,052 to .476. licroflash photographs were made of some of the models under
test to correlate the flow patterns with the performance data, The models tcsied
without an afterbody did not show performance as satisfactory as the Model X3
with the afterbody,

Page 1
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B SUBMARIME POWER PLAWT FEASIBILITY ST!DV

This study program was completed and the results presented in
Reference 1, These results show that a small chemical power plantﬂééing diesel
fuel and 907 concentrated hydrogen peroxide as the propcllants with sea-water
diluent 1s feasible for use in a small high-speed submarine. The '‘performance df
such an arrangement with a condensing system on the turbine exhaust was calcu-
lated to be 6.29 1b of expendibles per shaft horsepower hour at the surface and
7.04 1b of expendibles per shaft horsepower hour at 1000 ft depth. All the
major components for a 1900-shp power plant can be housed in a space 3 ft in

diameter by 3 ft long.
C, SEA-VIATER DILUEIT PROGRAY

The use of sea water instead of fresh water as the diluent for
hydrogen peroxide engines would notentially improve the performance of these
engines in tornmedoes and other underwater vehicles, This program was planned
to supplement previous efforcs to investigate and determine the techniques for
using sea water as a satisfactory diluent. Among the approaches to the problem

which were investigated were:

1, Addition of small quantities of chemicals to the sea water or
fuel to change the nature of the solids formed, so that deposits will not occur

or can be readily flushed away.

2, _Cationic—exchange treatment of the sea water and determination

of the required size of the ion exchange cartridge design.

Tests were conducted using the 70 E hydrogen peroxide and 92.5%
etﬁyl alcohol, as well as 907 concentrated hydrogen peroxide and diesel fuel.
Combustion temperatures covered a range from 1275O to 2100°F. Only natural sea

water was used as a diluent.

ITI. COICLUSINNMS AMD RECOi I EUDATICHS

A. The type of performance desired for the extarnal-condensing hydro-
ductor is shown by the tests made on tlodel X3, The performance of this model

appears to be satisfactory for certain operating conditions; the data indicate

Page 2
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III Conclusions and Recommendations, A ‘(cont., ) Report Mo, 1307

that lengthening of the afterbody might make the performance more uniform over
a wider range of operating conditions., It is recommended that tests on the
external-condensing hydroductor models continue on the rotating boom. The shape

of the afterbody should be determined for most.uniform performance at Qarying

*depths. - Correlation of the model ﬁefformance data with the performance necessary

_for a free-runhing test vehicle should continue, ° oS .

. B. " " On the basis of the results of thgﬂstudy program on the power plant
for a small high-speed submarine, it—ﬁas concluded that it is feasible to design
and develop a sma11 chemical power plant for this applicatlon. This power plant
should use 90% concertrated hydrogen peroxide and diesel fuel as the propellants
with sea-vater. diluent. For best performance with varying depth of operation, a

condensing system should be used that consists of a condenser on the turbine

o g exhaust, a- condensing water pump, and a "froth® compressor pump for discharge of

the mixture of water and carbon dioxide, It is feasible to design this power .
plant so that it will be operationally ccnvenieqé,‘simple, reliable, and entirely
safe, ‘It is fécom@ended that further theoretical and experimental wérﬁ be con--
ducted on the reduction Gf elimination of noise for a power plant such as the omne
studied, 1In addition, -it is recommended that development of such a power plant -
be initiated so that more complete performance data and specifications would be

available for incorporation into the design of a small high-speed submarine,

- C, _Data from the sea-water diluent proéram during this reporting period
indicated that the most satisfactory operation is still obtained by using a
strong cationlce-exchange treatment-of the sea water, Further improvement can -
probably be obtained when 2 graphitic coating is applied to the internél surfaces
of the combustion hardware and when the combustion chambér temperatures are kept
relatively high, The required size of the cationic-exchange bed will be small
enough for practical application in torpedoes, Further work is-necessary to
determine the method for obtaining the best yleld of the bed., ~ The additiomal
tests with sea water containing additives, made in an attempt to change the nature
of the solid deposits, were not as promising as those using the cationic-exchange
or hardware coating techniques. The use of colloidal clay and 'chelating' agents

wvere included in the group of additives which were investigated during this

Page 3
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period, A few tests were made to obtain more detailed information on the effect
of various combustion temperatures on the solid deposits; further work is
necessary along this line to prove that turbine operation will be satisfactory.
The use of certain electrolytic treatments of the sea water should be studied in
view of successes reported for certain commercial applications with hard water.
Additional long-duration tests should be made on the most promising system or
combination, These tests should be made with the gas generator only, and with
the complete turbine system at various simulated depths. The entire program
should continue to include tests with 707 E HEO
907 H202 and diesel fuel.

5 and alcohol as well as with

Iv, HYDRODUCTOR
A, PROGRAM PLAN

1. Previous development work on the hydroductor motor has been
reported in References 2 and 3. The operational advantages to be gained from
an underwater missile capable of high velocities, and whose performance is
relatively insensitive to depth, are realized to be important enough to justify

continued development of the hydroductor. The study and testing of the extermal

condensing hydroductor configuration has been emphasized during the present
program because such work promises to provide a more rapid solution to the

design of the free-running hydroductor test vehicle,

2. A schematic diagram of the external-condensing hydroductor is
shown in Figure 1, The internal configuration of this motor is identical with
that of the hydroduct, Through proner design of the steam nozzles and afterbody

of the missile, depth-insensitivity can be expected without a serious increase

~in total drag. Under shallow-water operating conditions, the motor would run

as a hydroduct. When the ambient back pressure increases due to greater
operating depth, the steam cavity would be made shorter because of the increased
pressure. The flow pattern would change under these conditions, so that some

of this pressure could be recovered on the afterbody of the missile; reduced

drag-would result, Therafore, the present program 1s to determine the most

Page 4
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favorable configuration of the steam nozzle and afterbody section of the external-

condensing hydroductor.,

B. TEST PROGRAF

1. Drag Tests

a. The first step in the testing program was to determine
whether there is significantly less drag for any particular afterbody shape, In -
addition to a completely faired afterbody (for reference purposes), the tail- .
section shapes shown in Figure 2 were tested., The basic model used for the drag
tests was the 3,25-in.-dia test model (Figure 3) used in several previous programs,
This model 1is attachéd to a hollow strut through which steam can be delivereq to
the model., For the drag tests, the éail section of the model was replaced by
sections of the e%perimental shapes without steam nozzles. The special test-
model tail sections were cylindrical and so designed that the total skin area,
exclusive of the base area, was the same as that of the completely faired tail
section, The model and strut were mounted on the extension arm of the rotating

boom at the 50-ft radius, Drag measurements were obtained at velocities up to

158 ft/sec. Two complete sets of drag measurements were obtained for each model
tested,

b. The drag curves obtained from the tests of Model A,
Model C, (see Figure 2) and the faired afterbody are shown in Figure 4, The
drag values shown are the gross values obtained, which include-the drag of the
model and the strut, since it was desired to determine the-differences in the
drag values of the various afterbody shapes; Figure 5 shows the difference
between the drag of Model A, Model D, and the faired afterbody. Drag tests of
afterbody shapes B and E (see Figure 2) were also made on the rotating boom in
the ring channel and the drag curves obtained were very similar to those obtained
on Models C an& D. Micrnflash photographs made during these drag tests are shown
in Figures 6, 7, 8, and 9. The data from all of these tests did not show any
striking evidence that one afterbody shape would be more feasible than dhother
for use with the external-condensing hydroductor. It was hence concluded that
model tests, using steam, would have to be conducted to furnish the desired

information.

Page 5
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2, Performance Tests with Steam
a, Using the rotating boom, performance tests were made of

several extermal-condensing hydroductor models, The nozzle block configuration
for each model is shown schematically in Figure 10, Each bleck has 20 small
nozzles in an annular ring. The combineq throat area of these nozzles- is

0.50 in.e, the same as that of the hydroduct model (Figure 3) used for previous
tests and presently available for comparison of performance. To.obtain compara-
tive performance data, steam was supplied from the accumulator on the rotating
boom through a hollow strut to the model, Different operating conditions were
simulated by making tests at various velocities and by also varying the maximum
steam pressure available from the accumulator. The test data, which included
gross drag of the model and strut, steam pressure (PC) in the model just forward
of the nozzles, rotating boom speed, and the various pressures on the afterbody
or nozzle block, were recorded on an oscillograph tape. Microflash photographs
were also taken of some of the models at various operating conditions to correlate

pictures of the external flow with the performancé data.

b. Initial tests were made of external-condensing hydroductor
Models 113, X4, and X5 to determine if there were marked differences in their per-
formance, For these tests, only a single pressure point was used, at the end of
the afterbody or at the center of the nozzle block., Figure 11 shows the data
obtained on one of the test runs of lModel X3, The numbexrs a2t the top of this
performance curve indicate the time during the run when microflash photographs
vere taken of the model, Some of these photographs are shown in Figures 12, 13,
14, and 15, During the initial phaée of this test, when steam pressure is rela-
tively high, the motor is running in a manner similar to a hydroduct. During the
middle phase of the test run, at an elapsed time of 23 sec, the steam pressure in
the chamber has been reduced considerably but there is an appreciable increase in
the net thrust of the motor, as shown by the large dip in the drag curve, The
external flow of condensed steam and water is collapsing on the afterbody, as
shown by the increase in rear-stagnation pressure (also see microflash photograph
o, 6 - Figure 15). These are the effects that are being investigated in this
part of the program,

Page 6
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c. A performance curve for Model X4k is shown in Figure 16.
Microflash photographs were taken during this test at the time intervals shown
by the numbers at the top of the performance curves., Some of these photographs
are shown in Figures 17, 16, and 19, A single pressure tap was drilled in the
center of the nozzle block., The effect of reduced drag, because of collapse of
the flow on the rear of the model, was not appreciably evident in this test.
The pressure on the center of the nozzle block, inside the annular ring of the
nozzles, increased while steam was flowing but did not attain significantly
positive values as did that of Model X3. Model X4 was altered by machining the
button from the center of the nozzle block as shovn in Figure 20, Performance

data on this model (X5) were very similar to the data obtained on Model XL,

d. As the performance of the Model X3 appeared to benefit
from the closing of the external flow under certain operating conditioms,
additional tests were made of this unit, Four more pressure taps were drilled
in the afterbody at the points showm in Figures 21 and 22, Data obtained from
these tests made at various velocity and steam-pressure conditions are shown on
the curves of Figures 23 through 28, The cavitation parameter (CTk) was calcu-
lated for the minimum pressure of the cavity as recorded from pressure taps

Mo. 3 and L, The cavitation parameter is defined as

P - P
e " ioe >
. ) DVCD
where _
' - POO = pressure in undisturbed fluid
P, = pressure in open cavity regardless of the gas
« with vhich cavity-is filled
‘p = density of liquid
VOo = velocity of undisturbed flow
e. From the lodel X3 test data, calculations were made of

the thrust coefficient, CF, at various values of chamber pressure. To obtain

the net thrust value to use in the calculation of the thrust coefficient

Page T
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(CF =-F/Pc At)’ it was first necessary to determine the basic drag curve of the
model, This curve is Figure 29, The values used to plot the curve were obtained
from the various tests and then corrected to account for the difference in drag
before the steam was turned on and during the actual test run, The correction
wvas figured as a suction drag on the model and was calculated by multiplying the
pressure reading at pressure tap llo. 5 (just aft of the exit plane of the
nozzles) by the area of the exit section of the nozzles, This value was then
subtracted from the drag reading at time zero (before the steam was turned on)
to give a more realistic value of the drag during operating conditions. The
difference between this basic drag reading and the drag reading at various times
during the test was taken as the net thrust of the unit. The calculated values

of CF were plotted on the performance data curves of Figures 23 through 23,
C. DISCUSSION

1, Data from the louver-velocity tests of Model X3, such as those
shown in Figures 26, 27, and 28, indicate that the afterbody shape of this model
is more suitable for these velocities, At these values of the cavitation
parameter, the cavity is closing on the afterbody when the chamber pressure is
near the maximum and the effect is similar to an increase in thrust. To obtain
comparable performance at higher velocities, the afterbody should be longer,
Another model (designated X7) is being designed to use the same nozzle block
as Model X3, but the afterbody will be approximately twice as long,

2. Data were obtained from the Model X3 tests under conditions
that vield a range of cavitation numbers from .052 to .4t76. These conditions
simulate the operation of a free-running model at a velocity of 190 ft/sec and
variation in the operating depth from 10 to 250 ft., The thrust coefficient
values, obtained under the test conditions which produced the higher cavitation
numbers (Figures 27 and 28), appear to be adequate, These values indicate that
a free-running test vehicle, designed to be similar té the Model X3 hydroductor,
should have satisfactory performance at operating conditions that would yield
the same cavitation number but that performance might be marginal at the very
low cavitation numbers., It is anticipated that the performance of one of the
external-condensing hydroductor models with a longer aftexrbody will be more

uniform throughout the range of desired operating conditions,

Page 8
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V. SUBMARINE POWER PLA'IT, FEASIBILITY STUDY FROGRAM

A. The detailed results of the power plant study for a small, high-speed

submarine are presented in Reference 1.

b. On the basis of the investigations conducted during this program, the
following general characteristics and features of a 1900 shp power plant system
represent the best design from a standpoint of performance, size and basic
simplicity:

1, The propellantutanks are of Dacron and Mylar exposed to the

ambient sca-water pressure.

2. The propellants used are 90% | diesel fuel, and sea-water

202’
diluent,

2 The turbine wheel is of 12-in, dia with a rotative speed of

»

25,000 rpm and operating temperature of 1900°F.

L, A condensing system i1s used on the turbine exhaust with a vane

type compressor pump to discharge the water-Cﬂe mixture from the condenser to the

ambient sea water,

5. Special sliding-ring variable displacement-positive displacement
vane pumps are used for all propellants to simplify the power-plant contrcl

system,

é. A 5-hp combination electric motor and generator is used to
provide for lcw-speed operation, reversing, and starting of the main power plant

and auxiliary diesel engine,

7. The power-plant performance is 6,29 and 7.04 1lb of expendibles
per shaft horsepower hour for operation at the surface and at 1000 ft depth,

respectively,

8. A planetary reduction gear system is used with the turbine.
9. The combustion chamber is of the 'bluff body" type.

c. The primary advantages gained from the above design with a condensing

system compared to designs without a condensing system are listed below:

Fage 9
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Study Program, C (cont,)

. 1, A hisgh efficiency turbine performance is obtailned at depth,

2. Only a single decomposition and combustion chamber assembly
is required,

3 The combustion pressure is lower at depth and less power iz

required for the propellant pumps.

b, The flushing action is improved for the sea-water s»lids in
the turbine exhaust,

5. The power plant size is 8maller (5 £t OD by 3 ft).

D. The disadvantages in using the above condensing.system include a
slight increase 1n‘weight and complexity of the complete power plant with the

addition of the condensing system equipment.

Vi, SEA-WATER DILUENT PRCGRAM

A, BACKGROUND

One of the best chemical power-plant systems at present uses
hydrogen peroxide and a hydrocarbon fuel, While such a plant is relatively
efficient, of primary importance is the fact that it is essentially wakeless,
However, because the reaction temperatures of hydrogen peroxide and a hydrocarbcn
fuel are excessive for turbine operation, diluent wdter must be added to cool
the gases to a reasonable temperature, in order to prevent erosion or over-
stressing of the turbine blades. Fresh water is normally carried by the vehicle
for this purpose, but the considerable space occupied by fresh-water tanks could
be available for additional propellant if ambient sea water were used as the
diluent. The use of sea water as a diluent for hydrogen-peroxide engines has

been investigated by several agencies, but completely satisfactory performance
has not been obtainel,

B. PROGRAM PLANM

This program was planned to supplement previous efforts and to

investigate other techr:iques for obtaining satisfactory use of sea water as a

5 Page 10
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diluent, A range of operating temperatures from 1275 through 2100°F was inves-
tigated using 90 1.0, with diesel fuel or 70 E H2O2 with 92,5¢% ethyl alcohol.
The studies were made on the designs and systems which would be most applicable
for use in high-periommance torpedo power plants. The work performed at a time
previous to this report period is described in Reference 2, The investigation,

continued during this reporting period, was primarily concernmed with:

1, Cationic-Exchange Treatment of Sea Water

a, Improvement of the bed design for the Amberlite IR-120

exchhange resin,

v Rescsminatinoa of thg«sea-wagfr flow system for a minimum
Aaa -

size cationle exchang: bed, a

2. Chemical Additives

Tests were carried out using chemical and other additives to
the sea water or fuel in order to change the nature of the sclids formed, with
the objective that deposits willi not occur or can be readiiy flusied away.

Colloidal materials and ''chelating'' agents were investigated.
C. METHCD OF TES”

1, The thrust-dynamometer installation used included devices (o
simulate solid deposit conditions on turbine blades and in a turbine exhaust
system wvith a gas generator utilizing hydrogen peroxide and fuel. A Mk 16-6
tcerpado enerpgy section and a new combustion chamber of an experimental design
(see Figures 1, 2, and 3 of Reference 2) developed under Contract NOrd 16510

5 and 92,5% ethyl alcohol.
For the tests made with 90% “202 and diesel fuel, this combustion chamber was
slightly modified by changing the liner and enzian ring components to decrease

were used for all the tests conducted with 70% E ngc

the size of the cooling water passages and thus increase the velocity of the

cooling water, Although the maln objective of the program is to determine the
best method for utilizing ambient sea water with a combustion system employing
90 concentrated hydrogen pevoxide and diesel fuel, it was realized that very

pertinent and important information concerning the use of sea-water ion exchange

Page 11
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and additive techniques could be obtcined by using lower-strength peroxide and
alcohol as energy sources for some of tie work during the course of the program.
Furthermore, such propellant was on hand, iogother with certain vitally needed
torpedo components and workshop gear (through ri:¢ cooperation of the Bureau of
Crdnance) and its use has resulted in a consideraii- saving of time and money

for this program,

2 Special cartridge units we&e installed f& the sea-water line
on the dynamcmeter installation for some of the tests (see Figures 30, 31, and 32),
The cartfidge units contained various sizes and shapes of beds using Amberlite
| IR-120 exchange resin for processing the sea water prior to injectin: into the
. combustion chamber, Tests were also performed using only the cartridge units
f and measurements were made of the percentage of cationic‘exchange as a function

A4 of time at various sea-water flow rates.

- Addsss ~W adapter c

taining a steel bar and twe steel
collecvor screens was placed downstream oi ecac g .0 S 9eTAT

I the turbine blades and the turbine exhaust system, Following euct test run, the (
deposits of s~a-water salts in the combustion chamber and collector system were
’ photographed, weighed, and chemically analyzed, Photographs of the complete
thrust dynamometer =rc shown in Figures 31 and 32, Figure 30 presents the
thrust dynamometer insrallation less the exhaust collector system, The three
l propellant flow meters (ovifice-d/p cell type) are shown on the side of the
thrust stand in Figures 30 and 31. (The Annin valves on the meter lines are
not used for this program; flows are controlled with orifice restrictions or
with Vaterman-type constant delivery valves,) The stainless steel sea-water
diluent tank is visible at the left sid= of Figure 30 against the wall of the
test pit. A small portion of the diesel ruel tank is visible above the
dynamometer (left of cemter) in Figure 31, Tue Mk 16-6 torpedo air flask and
the peroxide and fuel tanks are located inside tie steel box at the right or

Figures %0, 31, and 32,

4, The runs with additives were made without the use of the

cationic exchange units. The various chemicals were simply added to the sea

water for these tests,

/s

Page 12
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D, RESULTS OF TESTS

1. Natural sea water was used for all tests throughout this report
period. The sea water was obtained offshore from the ¥.S, Naval Ammunition and
Net Depot, Seal Beach, California. A chemical analysis of all the sea water
samples that have been used is presented in Table 1, The samplébof sea water
used for each test is identified in Tables 2 and 3,

2. A brief description and results of all tests conducted with
the pero-.ale combustion systems axe shown in Tables 2 and 3, The data regarding
the t~tal weight of solids deposited in the combustion.chamber and exhaust system
are presented in Taoles 4 and 5, Brief discussions of some of the tests, together
with the tests involving only the cationic exchange units, are covered in the

paragraphs below.,

a. Tests Mo, 17 and 25 are the reference runs (without any
diluent treatment) for the test:s made with 70 E H202.and 92.5% ethyl alcohol
and the two different samples of natural sea water., 7The solids deposited in the

combuszion chamber for these runs are shcwn in Figures 33 and 34 while the solids

—wtrdtha oxhayst collector screens are showm in Figures 35 and 36, The

resulks of 1w o, 25 indicated a similaz | oooNReemhut _sliphtly larger quantity
of solid deposits than were obtained in run No, 17. This larger quanisicy Cint S EE——

probably be attributed to the lower combustion chamber temperature (12750? i

run o, 25 vs ISSOOF for run tlo. 17) and tle slight difforence in sodium concen-

tration between the two sea-water samples,

b. Several tests were made using different sizes and con-
figurations for the cationic exchange cartridge. The data from test No. 21, 22,
24, and 26 should be compared with the two reference tests (No. 17 and o, 25),
There was s very significant reduction in the solid deposits for run Mo, 22
when the cationic exchange bed was increased in size to 12.5-in, dla x 5.5-in,
r{gure 37 shows the solids deposited in the combustion chamber for run lo. 22

and ‘igure 38 shows the solids deposited on the exhaust collector screens,

Page 13

CTONFIDENTIAL



7 T A

CONFIDENTIAL
VI Sea-Uater Diluent Program, D {cont.) Report No. 1307

While there was decided improvement in results when the run duration was limited
to 2 min, *the results fox run Mo, 26 showed that the 12,5-in, dia x 5.5-in,

cationic ecxchange cartridze was not adequate for the longer duration runs,

c. Tests Noo 19 (reference), 20, and 23 were made with 907
H202 and diesel fuel, The data from test No., 20 shows that the 6-in, dia x 6-in,
cationic exchange bed was too small because there was no .significant reduction in
the amount of solids deposited, When the larger size cartridge was used in run
Mo, 23, a significant reduction in solid deposits was obtained, A photograph of
the combustion chamber after run lNo., 19 is show: in Figure 39 and Figure L0

shows the combustion chamber after run No, 23.

d. A measure of the effect of chamber temperature on the
solids deposited is shown by comparing tests i'o, 17 and i9. The total weight
of solids into the system is greater for run Yo, 19 than for r»un No, 17, yet
the amount deposited 1s less. Chamber temperatures were ISSCOF ior No., 17 and
1950°F for No. 19 (also see Figures 33 and 39),

e. Five tests (not numbered) were made to determine the
output efficiency of the strong cationic exchange beds used for some of the
combustion tests described above, and of new bed designs for subsequent combus-
tic. tests, For these investigations, samples were talen at specified time

intervals from the processed sea water being discharged from each bed. The

G wE £ - L]

E ] -

Ty Bl )
peTClicans < W repreeaabanaalas determined for each sample and this value

was taken az the percentage of cationic exchange,

"he first test was conducted on the 6-in, OD by 6-in. bed
used for run Mo, 20. “he percentage cf sodium exchange was determined to be

85% at 10 sec and 26~ at i2) sec from the start of the rum,

f. Three tests were made with natural sea water flowing
through resin beds of two different sizes. The beds of strong cationic
exchange resin, Amberlite IR-120, weve 12,5-in, OD with lengths of 2.0 in.
and 5.5-in. (see Figure 31). The run durations were 2,0 min, correspending
to the usual test run; and 15 min, corrusnending to a maximum torpede running

time. The results of these tests are shown on the curves of Figures 41 and 42,

Page 1h4
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g An analysis of all the test results with the different

sizes of strong cationic exchange beds revealed that the percentage of ion

exchange at the start of each run should be decreased and the percentage of ion

exchange at the end of each run should be increased (essentially 'flattening'

the output curve o

f the bed) to obtain the maximum effectiveness from any given

size bed for this application., To ''flatten': the output curve of the cationic

exchange bed, special designs of the bed component were investigated as well as

arrangements for bypassing a portion of the sea-water flow around the Led.

h, An ion.exchange test was made to investigate the output

characteristics of

the 12.5 in., OD by 5.5 in. bed with a sea-water flow rate of

il.5 1b/min (approximately half the normal flow rate). The results are presented
in Figuve b3,

used was the same as

of 12-1/2-in. OD by

i. A flow test was made with a strong cationic exchange bed

£t chambers in series). This

that O

5.5 1n. ). VT

maintained through the bed during the test. The percentage of cationic exchange

was measured as a fu

nction of time for a 9-min period (see Figure 44). The

purpose of the test was to determine if a more desirable characteristic of

percent ion exchange

ratio for bed shape,

j.
unit (Figure 32) but
the first half of th

vs time could be obtained with a higher length-to-diameter

Results indicated that there was no significant improvement,

Another flow test was made using the above ion-exchange
with 50% of the sea water bypassed around the bed during
e test period (see Figure 4kL), The results using this

method were encouraging and further tests are planned to vary the percentage of

the sea water bypass

ed around the bed during the entire test period., On the

basis of the foregoing test results, it is believed that if ihe percentage of

cationic exchange can be maintained above a minimum value of approximately 407,

the amount of solid
the torpedo engine.

deposits will be kept to satlsfactory level for uperation of

Page 15
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ko Six tests were conducted with special additives in the
Sea-water diluent. These additives ware of two general categories: chelating
agencs and colloidal materials, These 8ix tests (Mo, 2( through %2) are

Gesix sod and results presentad in Tables 3 and 5, -

Tests lo. 27 and 28 were made with Ouebracho, which is
used with boilér feed water in some commercial applications, Tescs No. 29 and

50 used a detergent, Tergitol Anionic 08, which has been investigated to some
extent by USNOTS, Pasadena, for use in combustion tests with fluidized metals,
peroxide, and diluent sea water, Difficulty was experienced with the burning

of hardware surrounding the primary (hot) combustion Zzone on runs No, 29 and 30,

This damage was due to the pocy heat-transfer cheracteristics of the diluent in

*..7
-

1€ regencrative cooling passages as a result of the foam formed in the sgea
water by the Tergitol additive. Runs tlo, 31 and 32 were made using lignin

extract and hydrazine sulfate additives, respectively., The overal?l results
with these additives were not encouragin

2.
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TABLE 1
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COMPOSITION OF SEA~WATER DILUENT SAMPLES

Synthetic Harbor Offshore Harbor-Entrance

Sea Water Sea Water Sea Water Sea “ater

(Diluent E) (Diluent F) (Diiuvent G) (Diluent })
Constituent % by wt %4 by wt % by wt % by wt
1,0 96.57 96.52 96.56 96.41
Salts Sl 3,48 3.Lkh 3.59
Sodium 27.0 25.0 29.58 33.0
Magnesium 4,1 k.9 3¢5 3.4
Calcium 3.8 k.2 b1 2.7
Aluminum 0.0028 0.0038 0.001 0.0012
Silicon 0.036 0.063 0.032 0.04s
Potassiim 3.2 3.1 Foik 2.2
Strontium 0.11 0.063 0,052 not reported
Chromium trace 0.00047 0.017 0.0073%
Iron 0.033 0.016 0.12 0.013
Boron 0.080 0.072 0.036 0.0L48
Copper 0.0024 0.00043 0.0011 ¢.00076
Nickel not reported not reported 0.00%8 0.0016
Manganese not reported not reported 0.001k4 02,0008z
Titanium not reported not reported nil 0.0060

Table 1
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TABLE 2

DESCRIPTION OF TRSTS, OMR SEA-WATER-DILUENT PROGRAMS

6/0/56 to 12/5/56

oxtdtxar? D1 luene’

1 Average Decatieniszed
Puel” and end Flew and Flew Combustion Asount ef
Rete Rste Piluent Tq"oturc Diluent .
Run_Ne. 1b/min 1b/mim 1b/aim Additive ? $ Remarks
1 A - 8,05 C - 4.0 B - 25.0 None -- None Reference rm, Censiderable deposit
° of selts in chamber and en cellectors.
Run duretion 3 min,
2 A - 10.b C - 2.5 E - 25.1 None 1340 3.8 Ses water ecidic from fon exchenge
process. Selt deposits 20% of Run
o, 1.
3 A - 10,3 C - L4.8 E - 24,k None 1580 50.0 Results similar to Run No, 2.
b A -9.9 C - ub4,7 e - 2.2 HCl 1578 None Considereble deposits of selts in
chamber end on collectors. Lass than
Run Mo, 1, however,
5 A - 10.9 c - 43,7 E - 18,6 ZnCl, 1670 HNone Additive increesed mmount of solids

2 produced but did not setisfectorfly

decrsase amount of solids deposited.

6 A -9.9 C - u0.8 r - 8.3 None 1620 None Graphite end veruish applied to im-
ternal surfece of combustion chamber
and exhaust system, Materielly less
deposits of sslts than Rum Ko. 1,

7 A - 10,1 C - u1.3 E - 21.5 FeCl .- None Reaction products eppeared to form
oxides and considershle deposit of
solids in system,

8 A -9.8 C -,k P - 23.6 None .- None Slightly more solid deposits than
Aun Mo, 1 but of & seft, putty-liks
compositinn,

9 A - 11.0 C - 41,k F - 2.0 NaOH 1330 None More solid depesit in exhaust system
then Run No. 8, and of hard-crust
composition,

10 B - 3.8 D - 3.8 r - 2.0 None 2340+ None 45-sec duretfon run. Collector system
not used so that exhaust could be ob-

served, Diluent flow vate lower chan
desired. Bluff-body flisa 'wider end

injector requires slight modif{cetion
for this fuel end oxidiser.

11 A - 9.5 C - 2.7 g - 20.0 NaOH 1L90 Mone Results comperebie to Run Mo, 9.

12 A - 9.7 C - 41,0 E - 18.9 XOR 130 Nene Results slightly better than Run Mo, 11,

13 A -9.4 Cc - %.0 G - 21.7 None 1550 None Reference run, Solid deposits of simi-
ler sppeerence to Run No. 1 but of less

s magnitude then beth Runs %o. 1 and 8.

14 B - 2.9 D - .2 G - 2.k None 2000 None Puel lesk invelideted run for use as
reference,

15 B - L2 D - 31.6 -6 - 21.9 Nene 2000+ None Run cut shert because ef malfunction
of diluent centrel vslve.

16 A - 5.5 C - 29.7 G - 22,5 None 1100 None Slightly less depesit of selids {n

combustion chawber end more deposit
in exhaust system than Run Ne, 13,

NOTBS: (1) Pusl "A" is 92.5% ethyl elcohol.
Puel "B" is diesel eil,

(2) Oxidizer "C" is 704 E cencentrated hydrsgen perexide.
Oxidizer "D {s 90% cencentrated hydregen perexide,

(3) Diluemt "E" is synthetic eee veter,
0 Diluent "F' is naturel sea wster obtained frem the harber et Seal Beach, Califernie.
Diluent "G" is natursl sea wetar ebtained 2 miles offshere from Seal Beach, Califeraia.

(&) All runs were of 2 min duretion unlees ethervise asted,
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TABLE 3

DESCRIPTION OF TESTS, ONR SEA-WATER DILUENT PROGRAM
6 December 1956 to 5 June 1957

Diluent
and Flow

Rate
1b/min

Diluent
Additive

Average
Combustion

Temp
°F

Report No. 1307

Remarksh

A-8.b5 c-40.0

B-’-L.27 D'3501

B-4,35 D-39.0

A-9.73 c-43.0

A-10.3 Cc-45.4

CONFIDENTIAL

G-23.4

G'32.8

G"‘35- o]

G-20.4

G-22¢ 5

None

None

None

None

Hone

None

1550

2100

1950

1965

1530

1400

Reference run,
Deposits smaller
and more dense
than with previous
diluents,

Stoichiometric
mixture ratio de-
sired. Mixture
ratio control
failed, Invalid
as reference,

Reference run,
Deposits smaller
and more dense
than lower temp,

o, -
0% H202 alcohol

reference runs,

Diluent water
through exchange
bed 6 in, dia

x 6 in. No improve-
ment over refer-
ence run No. 19,

Diluent water
through exchange
bed 12,5 in, dia
x 2 in, Slight
improvement over
reference run
No, 17.

Diluent water
through exchange
bed 12,5 in, dia
X 5.5 in, Signifi-
cant reduction in
deposits from
Runs 17 and 21,

éheet 1 0f 3
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Run
Mo,

23

24

25

26

27

28

Fuel1 and
Flow Rate
ib/min
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Oxidizer
and Flow
Rate
1b/min

TABLE 3 (cont.)

2

Diluent5

and Flow
Rate Diluent
1b/min Additive

Report No., 1307

Average
Combustion

Temp
°F

Remarksh

B-l&.BS

A-10.3

A-].O. 1

B-4.23
B-L.43

A-10.1

D-34.8

C-32,6

c-41.2

C‘hho?

D-36.3
p'}S-B

c-42,7

CONFIDENTIAL

G-34.9 None

G-12.3 None

H-23%.8 None

H-25.7 None

E-3%2.8 Ouebracho
H-29.% Nuebracho

H-27.4 Tergitol
Anionic 08

1850

1350

1275

1430

1920
1950

1400

Diluent water
through exchange
bed 12,5 in, dia
X 5.5 in, Signifi-
cant reduction in
deposits from tho
of Runs 19 and 20.

Diluent water
through exchange
bed 12,5 in, dia
X 5.5 in, Run time
= 6 min, Propellan
flow rate control
failed, Reliable
cowparisons could
not be made,

Reference run,
Haxrd, light weight
crystalline depo-
sits similar to
original reference
run with synthetic
sea water,

Diluent water
through exchange
bed 12,5 in, dia
X 5.5 in. Run tim
= 7,5 min, Insuf-
ficient ion ex-
change bed capaci

No apparent
improvement.

No apparent
improvement,

No overall
improvement

Sheet 2 of 3
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TABLE 3 (cont, )

1 Oxidizer2 Diluent5 Average
Fuel® and and Flow and Flow Combustion
nun Flow Rate Rate Rate Diluent Temp
No.. 1b/min 1b/min 1b/min  Additive °r Remarks
30 B-L, 42 D-33.3 H-33.4 Tergitol 1350 No improvement,
Anionic 08
31 A-8,32 c-43,2 H-29.0 Lignin 1575 No improvement,
Extract
32 A-8.2 C-45.h 1-26.8 Hydrazine 1650 No improvement.
Sulfate
NOTES: (1) Fuel "A" is 92,5% ethyl alcohol,

(%)

Fuel "B" is diesel oil,
Oxidizer "C" is 700 E concentrated hydrogen peroxide.

Oxidizer 'D" is 90% concentrated hydrogen peroxide.

Diluent "G' is natural sea water obtained two miles offshore
from Seal Beach, California (also see Table 1).
Diluent '"H'" is natural sea water obtained at the harbor

entrance to the U,S. Naval Ammunition and Vet Depot, Seal Beach,
California (also see Table 1),
All runs were of 2-min duration unless otherwise noted.
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TABLE 4
TEST DATA, OWR SEA-WATER DILUENT PROGRAM

6 June 1956 to 5 December 1956

Total Weight
of Solids

into System Deposited in 2-iin

~uaning Time

Total Weight of Solids

Ratio of
Sodium to
Calcium in

During 2-Min

Exhaust

Exhaust System

Run nunning Time Combustion (1) . (1)

Mo. Description 1b Chamber, 1b System, 1b Deposits, 1b

1 100% synthetic sea water 1.62 0.254 0.127 13:1
(reference run)

2 36.8% decationized syn- 1.09 0.086 0.043 35:1
thetic sea water and
63.2% untreated syn-
thetic sea water

3 50% decationized syn- 0.84 0,069 0.051 12:1
thetic sea water and 50<
untreated synthetic sea
water

L4 Synthetic sea water with 1.52 0.16 0.061 13:1
HCl added(2)

5 Synthetic sea water with 5.24 0.35 0.036 4:1
ZnCl2 added(B)

6 1007 synthetic sea water; 1.33 0.15 0.038 5:1
interiors of system
coated with graphite

7 Synthetic sea water with 5.83 0.25 0.15 6:1
FeCI3 added(h)
100t natural sea water 1.62 0.27 0.19 15:1
"atural sea water with 5.06 0.17 0.40 2Lo:1
a0 added®)

11 Synthetic sea water with 4,48 0.15 0.32 17:1
Taorn added(S)

12 Synthetic sea water with 5.32 0.10 0.19 4:1
Ko added(6) ) ©

13 nffshore sea water . 1.k9 0.14 0.062 15:1

(See Sheet 2 for notes) Sheet 1 of 2
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TABLE 4 (cont. )

Total Weight

Total Weight of Solids Ratio of
,OF Solids Deposited in 2-Min Sodium to
nto System
Running Time Calcium in
DERHGS B Exhaust Exhaust Syst
Run Running Time Combustion (1) ngiy ¥1)em
Yo, Description 1b Chamber, 1b System, 1b Deposits, 1b
14 offshore sea water, 90% 1,542 0.092 0.026 17:1
Uy x and diesgsel fuel
16 oOffshore sea water, T0% E 1.548 0.11 0.089 14:1

H202, and ethyl alcohol

NOTES:

(I)Wuter-soluble solids only.
(2)HCI added in such an amount that the acid-to-solids ratio was equal to that
produced by the partial ion exchange of Run io, 3,

(B)chl added in such an amount as to produce a eutectic with the sea-water
salt§ (taken as MaCl) having a melting temperature of 503°F - 58.5 mole?, ZnCl
(&)

FeCl_ added in such an amount as to produce a eutect‘c with the sea-water salcs
(takén as ¥aCl) having a melting temperature of 316°F - 54 mole? FeCl3
(5),,

1’a0” added in such an amount as to produce a mixture with the sea-water salts
(taken as FaCl) having a melting temperature of 680°F - 78 mole% NaOH,

(6)

KOll added in such an amount as to produce a mixture with the sea-water salts
for which the melting temperature is undetermined - 78 mole# ROH.

Sheet 2 of 2
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TABLE 5
TEST DATA, OUR SEA-WATEP DILUE'T PROGRALI

6 December 1956 to 5 June 1957

Total Veight

of Solids Total Weight of Solids Ratio of

into System Deposited in 2-lin Sodium to
Durin ye-Min Running Time Calcium in
& Exhaust  Exhaust System
Run (1) Running Time Combustion (2) (2)
No. Description 1b Chamber, 1b System, 1b Deposits, 1b
17 70 G T202-ethy1 alcohol- 1.61 0.15 0.044 11
sea water
18 704 E "0 -ethyl alcohol- Data not valid
sea water
19 904 ”202-diese1 fuel- 2.26 0.065 0,072 10
sea water
(Peference run)
20 909 2202-d1ese1 fuel-sea RS | 0.054 0.10 22

water, Diluent water
through 6 in, dia x 6 in,
bed of strong cationic
exchange resin

21 T70% & H202-ethy1 alcohol- 1.40 0.065 0,04l 1k

sea water, Diluent water
through 12,5 in, dia x
2 in, bed of strong
cationic exchange resin
22 1709 E H202-ethy1 alcohol- 1.54 0.004 0.028
sea water, Diluent water
through 12.5 in, dia x
5.5 in. bed of strong
cationic exchange resin
23 90 H202-diese1 fuel-sea 2.40 0.010 0.0056
water, Diluent water
through 12,5 in, dia x
5.5 in, bed of strong
cationic exchange resin

2“’ 70(,{* E 11202-ethy1 alcohol- 0.814-5 (av ) 0. 025 (aV) 0. 055 (av )

sea water, Diluent water ,

through 12,5 in, dia x

5.5 in, bed of strong

cationic exchange resin Sheet 1 of 2

(6-min run) CONFIDENTIAL Table 5
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No.

Description(l)

CONFIDENTIAL

Report to, 1307

TA3BLE 5 (cont, )

Total Weight
of Solids
into. System

Total Weight of Solids
Deposited in 2-Min
During 2-Min Running Time Calcium in

Running Time Combustion Exhau?;) Exhaust S%dem
1b Chamber, 1b System, 1b Deposits, 1b

Natio of
Sodium to

25

26

27

29

30

31

32

707 E H202-ethy1 alcohol-

sSea water

Reference run)

T0% E H202-ethy1 alcohol-
sea water, Diluent water
through 12,5 in., dia x
5.5 in, bed of strong
cationic exchange resin
(7.5 =in run)

90% H202-diese1 fuel-sea

water, 23 ppm Quebracho
added to diluent

90% H202-diesel fuei-sea
water, 1150 ppm Ouebracho
added to diluent

70% E H202-ethy1 aleohol-
sea water, 5.5% Tergitol
Anionic 08 added to
diluent

S0% H0,-diesel fuel-sea
water. 5.%. Tergitol
Anionic 08 added to
diluent

T0% E Heoa-ethyl alcohol-

sea water, 0.116% Maracell
E (lignin extract) added
to diluent

70% E H202-ethy1 alcohol-

sea water, 0,1% hydrazine
sulfate added to diluent

1.65 0.32 0.18

1.76(8.\7) 0.115 (aV) 0.27(av) h6

2.26 0.15 0.11 14

2,02 0.17 0.056 9

1,89 0.082 0.339 11
2.30 0.17 0.18 25

2,00 0.19 0.26 22

1.85 0.27 0.21 19

NOTE: (1) All runs were of 2-min duration unless otherwise noted,
(2) Water-soluble solids only.
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